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The following comments are In response to your inquiry. 

1. Glycerol is on the FEMA GRAS and FDA lists for 
flavor additives. The precursor-product relation¬ 
ship of glycerol to acrolein in smoke is difficult 

to determine due to incomplete pyrolysis of glycerol, 
multiple precursors of acrolein and the physical and 
chemical variables of the cigarette which influence 
the pyrolytic formation of acrolein. Dr. T. C. Tso 
of the USDA has shown that acrolein in smoke from 
bright tobacco is positively correlated with stigma- 
sterol, potassium, pH of leaf tobacco and the fire- 
holding capacity of leaf. Acrolein was negatively 
correlated with leaf thickness, trichomes, total free 
amino acids, arginine, proline, scopoletin and oxalic 
acid. This indicates the complexity of the relation¬ 
ship and makes any definitive statement of precursor- 
product relationships for glycerol to acrolein a 
futile exercise. 

2. An exhaustive search of the literature did not pro¬ 
duce any reports on the thermal degradation of tri- 
ethylene glycol to 1,4-dioxane in tobacco smoke. 

3. Angelica root extract is on the FEMA GRAS and FDA 
lists for flavor additives. The biological activity 
of angelica root oil is due to the content of coumarin 
and its derivatives. A number of studies indicate 
that coumarin is not carcinogenic in rats and mice. 

One study indicates that coumarin at 0.5% in the diet 
produces liver carcinomas in rats. ‘ As you know, 
coumarin has recently been reallowed for use as a 
flavor additive in cigarettes in Germany. 

4. Caramel is on the FEMA GRAS and FDA lists for additives. 
Caramel has not been shown to be carcinogenic. Car¬ 
amelized sugars have been reported to cause chromo¬ 
somal breaks in Chinese hamster ovary cells. 
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5. Eugenol is on the FEMA GRASS and FDA lists for 
additives. Eugenol has been reported to be a 
weak tumor promoter. Eugenol is not mutagenic. 
Eugenol is structurally related to safrole and 
estragole which are known carcinogens.. There are ‘ 
no indications that eugenol is a carcinogen. 

6. Orange peel oil is on the FEMA GRAS and FDA lists 
for additives. There is conflicting evidence that 
orange oil has both tumor-promoting and tumor-in¬ 
hibiting properties. Limonene is the principal 
component of orange oil and the autooxidation of 
limone may be responsible for the conflicing results. 

7. There is no evidence to implicate invert sugar with 
regard to adverse biological activity. 

Generally, any organic compound when pyrolyzed under 
the appropriate temperature and environmental conditions has 
at least the potential for the formation of biologically active 
compounds which may have carcinogenic properties. Therefore, 
there is no simple way to rebut statements like those of Schell. 
If one considers statements of this type which are often taken 
out of context and ignores basic considerations such as exposure 
levels, dose-response relationships in individual studies, re¬ 
plication of results and the state-of-the-art at the time of 
publication then an effective rebuttal becomes a truly for¬ 
midable task. 
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cc: Mr. A. Holtzman 
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